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Paroxysmal dyskinesias (PxD) comprise a group of heterogeneous syndromes characterized by recurrent
attacks of mainly dystonia and/or chorea, without loss of consciousness. PxD have been classified ac-
cording to their triggers and duration as paroxysmal kinesigenic dyskinesia, paroxysmal nonkinesigenic
dyskinesia and paroxysmal exertion-induced dyskinesia. Of note, the spectrum of genetic and nongenetic
conditions underlying PxD is continuously increasing, but not always a phenotype–etiology correlation ex-
ists. This creates a challenge in the diagnostic work-up, increased by the fact that most of these episodes
are unwitnessed. Furthermore, other paroxysmal disorders, included those of psychogenic origin, should
be considered in the differential diagnosis. In this review, some key points for the diagnosis are provided,
as well as the appropriate treatment and future approaches discussed.
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Paroxysmal dyskinesias: redefining concepts & classifications
Paroxysmal dyskinesias (PxD) encompass a group of heterogeneous syndromes characterized by recurrent attacks
of involuntary movements, intermittent or episodic in nature and abrupt in onset, without loss of consciousness.
The abnormal movements consist of dystonia and/or chorea, with ballism or athetosis being less possible, but do
not include tremor or myoclonus [1].

The classification of PxD has changed over the years. First, the episodes were cataloged depending on the
duration (short, <5 min; long, >5 min) [2]. Following this former classification, Dermikian and Jankovic proposed
three different subtypes based on triggers: paroxysmal kinesigenic (PKD), nonkinesigenic (PNKD) and exercise-
induced (PED) dyskinesias [3]. A fourth subtype, paroxysmal hypnogenic dyskinesia (PHD), has been subsequently
considered to be a form of autosomal dominant nocturnal frontal lobe epilepsy (ADNFLE) in most cases [4].
Noteworthy, in recent years, the differentiation of subgroups depending on the etiology (primary [familial or
sporadic] and secondary forms) has gained relevance. Primary forms comprise cases without definite cause for
PxD, labeled as idiopathic, and carriers of specific genetic mutations (i.e., PRRT2-PKD or SLC2A1-PED) [1,5].
In secondary forms, an acquired condition underlying PxD has been identified, such as autoimmune, vascular or
metabolic disorders [6].

The prevalence of PxD is not clearly defined, but some authors have reported to be lesser than 1% [6]. However,
PxD are probably underdiagnosed as the episodes of PxD are often unwitnessed due to its short duration. In
addition, the common lack of abnormal signs between the attacks, especially in primary forms, increases the
diagnosis challenge [7]. Therefore, recognition of triggers and clinical features of attacks could lead us to conduct
the appropriate investigations to reach a definite diagnosis, on which treatment is highly dependent [1].

Clinical features: role of triggers
Demographic & clinical features in paroxysmal dyskinesias are summarized in Table 1.
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Table 1. Demographic and clinical features in paroxysmal dyskinesias.
Feature PKD PNKD PED PHD

Age at onset (years) 5–15 (range: 0.5–33) 8 (range: 2.5–79) 5 (range: 2–30) Adolescence (range: 2–47)

Sex (male:female ratio) 4:1 (even up to 8:1) 2:1 2:3 1:1

Predominant movement Dystonia �� chorea, ballism or
a combination

Dystonia and chorea Dystonia Dystonia, chorea or ballism

Duration �1 minute (seconds–5 min) �1 hour (10 min–12 h) 2 min–2 h 30–45 seconds

Frequency 1–20 attacks per day 1 per week (3 per day) 1 per day–2 per month 5 per night–5 per year

Aura 70% 80% familial cases No –

Distribution Limbs �� trunk and face Face, trunk and limbs Feet �� hemidystonia and
hands

Limbs �� trunk and face

Triggers Abrupt movement, an increase
of speed, amplitude or
strength. Light, sound and
vestibular stimulation, startle,
hyperventilation and stress

At rest; alcohol, coffee, tea,
cola, tobacco, emotional
excitement, hunger, fever,
concentration and fatigue

Prolonged or maintained
exercise; vibration, passive
movements, electrical
stimulation of the nerves,
stress, hunger, sleep
deprivation, cold exposure

Non-REM sleep

Exacerbating factors Puberty, depression and anxiety Menstruation, ovulation and
postpartum

– –

Response to antiepileptic drugs +++ +/− ++ (‘runner’s dystonia’) +++
Evolution Remission: pregnancy and

adulthood
Variable; remission: pregnancy,
sleep, cold water, the elderly,
menopause

Variable; remission: sensory or
motor ‘tricks’ (‘runner’s
dystonia’)

-

PED: Paroxysmal exercise-induced dyskinesia; PHD: Paroxysmal hypnogenic dyskinesia; PKD: Paroxysmal kinesigenic dyskinesia; PNKD: Paroxysmal nonkinesigenic dyskinesia.

Paroxysmal kinesigenic dyskinesia (PKD)
In 1967, Kertesz described an episodic disorder which was termed ‘paroxysmal kinesigenic choreoathetosis’ because
the attacks were triggered by sudden movements [8]. As new cases are detected, clinical features of this disorder are
better detailed, emphasizing that the attacks are relatively brief and respond well to antiepileptic drugs (AEDs) [9,10].

Mean age at onset is 5–15 years (range: 6 months–33 years), with a male:female ratio 4:1 (even up to 8:1)
in sporadic but not familial forms. Familial cases typically experience other paroxysmal neurological disorders
(e.g., seizures or migraine) [7].

The attacks are triggered by an abrupt movement or an increase of speed, amplitude or strength, the sudden
addition of new actions during ongoing steady movements or a change in direction. Light, sound and vestibular
stimulation, startle, hyperventilation and stress can also induce attacks [7,9]. Almost 70% of patients presented a
premonitory aura referred as numbness, tingling or tightness in the affected limb, or a vague sensation in head,
epigastrium or abdomen [9]. Those patients aware of these warning signs can prevent the attacks by slowing down
or holding the affected limb firmly [7].

Patients manifest any form of dyskinesia: dystonia, chorea, ballism or a combination of them. Therefore, the
PKD term was proposed. Episodes are focal, multifocal or generalized and involve limbs, trunk and face, although
unilateral dystonia is observed in most cases [11]. A total of 30% of patients experienced slurred speech (dysarthria
or anarthria) possibly due to facial weakness [10]. The episodes with hemiballismus, tongue movements and freezing
of gait are rare [12]. New attacks cannot be induced for a refractory period of 20 min approximately [7].

The duration of attacks is brief, lasting mostly less than a minute; and frequency is variable, on average 1–20
attacks per day, although coexistence of depression and anxiety worsen both aspects [5,13]. The majority of affected
women improve during pregnancy. The frequency of episodes is maximum in puberty, with up to 30–100 attacks
per day, often diminishes after the 20s; and up to 50% of cases reach complete or partial remission in adulthood [9].

Paroxysmal nonkinesigenic dyskinesia (PNKD)
In 1940, Mount and Reback made the first clear description of the disorder, which they called ‘paroxysmal
choreoathetosis’, into a large family with 28 members affected in five generations. The attacks lasted several hours,
were precipitated by alcohol or coffee and the use of AEDs was ineffective [14]. Since this initial description, the
phenotypes of PNKD have evolved into a broad clinical spectrum [12,15,16].

The primary PNKD forms usually have a childhood onset (mean age, 8 years) [7], albeit attacks that began at
20 years have been reported. The starting range is extended in secondary forms (2.5–79 years), with two peaks
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in the twenties and sixties due to trauma and cerebrovascular events, respectively [6]. Sporadic cases have shown a
male:female ratio 2:1 and genetic cases 1:1 [7].

Attacks occur at rest or are provoked by alcohol, coffee, tea, cola, tobacco, emotional excitement, hunger, fever,
concentration and fatigue [5,15]. Exacerbation periods have been identified in relation to menstruation, ovulation
and postpartum; as well as remissions during pregnancy and sleep [7,15]. Premonitory sensations are described in
up to 80% of familial cases as a feeling of numbness or stiffness in a limb and involuntary movements of the
mouth [15]. Other prodromal symptoms comprise headache, hyperventilation and restlessness [12]. Exposure to cold
water palliates some episodes [17].

Movements may involve face, trunk and limbs, initially on one side and tend to spread or even generalize. Dystonia
and chorea predominate, which explains the use of the term PNKD nowadays, although the phenomenology is
heterogeneous and variable over time [15]. Blepharospasm, sardonic laugh and diplopia are rare [7,17]. Dysarthria or
anarthria with normal breath and laryngeal dystonia with respiratory failure occur during severe episodes [15,18].
Interictal myokymia has been observed in several familial PNKD cases [19,20].

In PNKD, attacks are longer lasting (10 min–12 h, generally less than an hour) and less frequent (range between
three-times a day and two-times per year, most often once a week) than in PKD [15,16]. PNKD has a variable
prognosis, and some patients have shown remissions in the elderly and with menopause [7,12].

Paroxysmal exercise-induced dyskinesia
In 1977, Lance described a third ‘intermediate’ category of PxD in a family presenting attacks after physical exhaus-
tion that lasted between 5 and 30 min [2]. Paroxysmal exercise-induced dyskinesia (PED) presents a male:female
ratio 2:3. Mean age at onset is 5 years (range 2–30 years) in familial forms. PED appears isolated or coexists with
migraine, epilepsy, alternating hemiplegia of childhood (AHC) and ataxia [7].

By definition, a prolonged or maintained exercise normally triggers the episodes [2]. However, in some cases,
muscle vibration, passive movements, electrical stimulation of the nerves, stress, hunger, sleep deprivation and
exposure to cold may also cause attacks [21,22]. The most common presentation is dystonia in feet (79%) followed
by hemidystonia [23]. An exercise with the upper limb may induce an attack limited to the upper limb [21]. Painful
dystonia in hands and dancing-like postures mimicking psychogenic attacks have also been reported [24,25]. Attacks
usually last between 2 and 5 min and up to 2 h, are not preceded by prodromes and disappear in 10 min after
discontinuing the exercise. The episodes vary in frequency, from one per day to two in a month, depending on the
routine level of exercise [12].

A sporadic variant of PED is ‘runner’s dystonia’, reported as episodes of leg or foot dystonia after variable forms
of exercise (long-distance running, cycling, hiking. . . ). This condition shares with primary focal dystonia the relief
by means of sensory tricks; with PKD, the favorable response to AEDs; and with peripherally induced dystonia,
prior injury to the affected limb [26].

Genetics: an ever-increasing number of mutations identified
Genetic mutations associated with PxD are listed in Table 2.

PRRT2 (16p11.2)
In 2011, PRRT2 gene was first reported in eight families with PKD (MIM#128200) [27]. To date, more than
1500 individuals with 70 different mutations in PRRT2, 95% nonsense or frameshift, have been described.
c.649dupC/p.Arg217Profs*8 mutation, which leads to a premature stop codon, accounts for 82% of all these [28,29].

Prevalence of PRRT2 mutations in PKD oscillates between 40 and 90% [5,30], with autosomal dominant (AD)
transmission and 60–90% penetrance in family forms [31]. The estimation of penetrance may be difficult because
some cases present transient or mild phenotypes, and even family members sharing the same mutation express
variable phenotypes [31]. Almost all PRRT2-related PxD cases have attacks induced by a kinesigenic trigger (PKD),
albeit in up to 40% anxiety/startle, coffee intake or sleep deprivation can also provoke attacks [5]. PRRT2-associated
PKD is characterized by young age at onset; brief duration of attacks; both dystonia and chorea that tend to
generalize; premonitory feelings; many attacks per day that decrease after puberty and effectivity of AEDs at low
doses [5,30,32]. PRRT2-related PNKD and PED have been identified in about 2% of cases [5,33]. In addition, Liu
et al. reported two of 11 patients with PRRT2 mutations in PHD, suggesting re-inclusion of PHD as a subtype of
PxD [34].
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Table 2. Genetic mutations associated with paroxysmal dyskinesias.
Gene (OMIM) Mutations PxD subtype Family history Age at onset Attack duration Other paroxysmal

disorders
Interictal
abnormalities

PRRT2 (614386) c.649dupC;
�70 mutations
(95% nonsense or
frameshift)

PKD ��� PED �

PHD � PNKD
−/+ (AD) �18 year �1 min −/+ Epilepsy

(ICCA/BFIS),
migraine/FHM,
ataxia, BPTI

−/+ Mental
retardation
(homozygous)

PNKD/MR-1
(609023)

p.Ala7Val,
p.Ala9Val

PNKD (caffeine,
alcohol) ��� PKD

+ (AD) �10 year �1 h −/+ Migraine Normal

SLC2A1 (138140) �100 mutations
(missense: milder
forms)

PED ��� PNKD −/+ (AD) 1–50 year 5–40 min −/+ Ataxia,
epilepsy

−/+ Hypotonia,
spasticity, mental
retardation
(nonmissense,
�18 years)

KCNMA1 (600150) p.Asp434Gly
c.2026dupT

PNKD −/+ (AD)
−/+ (AR)

�18 year Brief −/+ Epilepsy +/− Mental
retardation

ECHS1 (602292) p.Ala173Val PED � PNKD + (AR) �18 year 30–50 min – −/+ Leigh syndrome

PDHA1 (300502),
DLAT (608770),
PDHX (608769)

p.Leu216Ser;
p.Phe576Leu,
p.Val157Gly
p.Asp322AlafsX6

PED/PNKD + (X-linked)
+ (X-linked)
+ (AR)

�2 year Variable −/+ Ataxia,
epilepsy, episodic
weakness

−/+ Leigh syndrome

GCH1 (600225) p.Glu84X PED −/+ (AD) �18 year Variable – Parkinsonism

SCN8A (600702) p.Glu1483Lys PKD −/+ (AD) �18 year Brief −/+ Epilepsy −/+ Mental
retardation

ADCY5 (600293) p.Arg418Trp,
p.Arg418Gln,
p.Ala726Thr

PHD ���

PKD/PNKD
+ (AD) �18 year Brief (min) −/+ AHC −/+ Axial

hypotonia,
nonparoxysmal
dystonia and chorea

ATP1A3 (182350) p.Asp801Asn,
p.Glu815Lys

PNKD
(hemidystonic
attacks)

−/+ (AD) �18 months Variable −/+ AHC, ataxia,
epilepsy

Mental retardation,
ataxia, hypotonia,
choreoathetosis

CACNA1A
(601011)

p.Glu533LysX,
p.Tyr1854X,
p.Tyr1245Cys,
p.Gln736X

BPTI −/+ (AD) �18 months Variable −/+ Ataxia, FMH,
tonic upgaze

−/+ SCA6

SLC16A2 (300095) p.Leu512Pro,
p.1212delT,
p.Arg271His

PKD (by passive
movements)

X-linked �1–2 months Very brief Epilepsy Hypotonia,
spasticity, mental
retardation

AHC: Alternating hemiplegia of childhood; AD: Autosomal dominant; AR: Autosomal recessive; BFIS: Benign familial infantile seizure; BPTI: Benign paroxysmal torticollis; FMH: Familial
hemiplegic migraine; ICCA: Infantile convulsions and choreoathetosis; PED: Paroxysmal exercise-induced dyskinesia; PHD: Paroxysmal hypnogenic dyskinesia; PKD: Paroxysmal kinesigenic
dyskinesia; PNKD: Paroxysmal nonkinesigenic dyskinesia.

Overlap with other syndromes has been identified. The PRRT2 gene is the leading cause of benign familial
infantile seizures (BFIS; MIM#605751) and familial infantile convulsions with paroxysmal choreoathetosis (ICCA)
(MIM#602066). PKD, BFIS and ICCA are considered a continuous disease spectrum [29,30]. A total of 5% of
patients experience other disorders of early onset with paroxysmal stereotypical manifestations, such as familial
hemiplegic migraine (FHM) and other types of migraine, benign paroxysmal torticollis of infancy (BPTI), episodic
ataxia, childhood absence epilepsy and febrile seizures [35,36]. Biallelic (homozygous or compound heterozygous)
PRRT2 mutations have been linked to a more severe phenotype characterized by a combination of different forms
of PxD with persistence of paroxysmal attacks, prolonged episodes of ataxia and developmental delays [37,38].
Moreover, 16p11.2 (micro)deletions have been identified in PKD, especially for sporadic cases, generally with
intellectual disability [39,40].

PRRT2 protein is highly expressed in neocortex, hippocampus, basal ganglia and cerebellum, which is consistent
with the varied clinical manifestations of PRRT2-related disorders. PRRT2 interacts in glutamatergic synapses
with synaptosomal-associated protein (SNAP25), a presynaptic membrane protein that facilitates fusion of synaptic
vesicles and calcium-mediated neuronal exocytosis, in order to modulate glutamate release [41]. In PRRT2 mutations,
PRRT2 protein changes its usual location from the membrane to the cytoplasm, interacts with SNAP25, alters
the properties of the calcium voltage-dependent channel Cav2.1, and thus, enhances intracellular glutamate levels
leading to neuronal hyperexcitability [16]. Otherwise, PRRT2 expression increases during the development and is
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correlated to neuronal migration and synaptic density. This explains that biallelic PPRT2 mutations can result in
neurodevelopmental disorders [42].

MR-1/PNKD (2q35)
In 2004, missense mutations in the PNKD gene, also the so-called regulatory gene of the miofibrilogenesis (MR-1)
was implicated for the first time in PNKD (MIM#118800) [43]. The most common mutation is p.Ala7Val followed
by p.Ala9Val [44]. The mutation alters the amino-terminal α-helix of two MR-1 isoforms: MR-1L, located in cell
membranes of the brain and MR-1S, with diffuse cytoplasmic and nuclear expression [45]. The MR-1/PNKD
mutations have been identified in families of different ethnicities – the majority of European origin – with PNKD
and result from an AD pattern of inheritance with 95% penetrance. No sporadic cases have been reported so
far [1,5].

Prevalence of MR-1/PNKD mutations in PNKD has been estimated over 70% [5]. MR-1/PNKD-associated
PNKD shows a characteristic phenotype: childhood onset; mixture of chorea and dystonia in limbs, face and
trunk; typical duration of attacks between 10 min and 1 h; triggered by caffeine, tea, alcohol or emotional stress;
normal interictal examination and favorable response to benzodiazepines. Dysarthria, dysphagia, inability to move,
oculogyric crises, blepharospasm and pain are rare [5]. Unlike KCNMA1 mutations discussed below, MR-1/PNKD
carriers do not have epilepsy [46]. Nevertheless, 50% of those with MR-1/PNKD mutations experience migraine [47].
Regardless of any treatment, the attacks tend to decrease or disappear in adulthood [5]. In addition to the PNKD
phenotype, isolated cases of MR-1/PNKD-related PKD and PED have been discovered [1].

Although the exact MR-1/PNKD function is unknown, this gene is homologous with the HAGH gene, which
encodes an enzyme that is involved in the pathway of methylglyoxal – a compound present in coffee and alcoholic
beverages – detoxification, producing a byproduct of oxidative stress [45]. This suggests a possible causal mechanism
by which alcohol or coffee may induce PNKD attacks, although in vivo studies have dismissed a key role for MR-1L
in gluthation metabolism, because MR-1L could not improve HAGH activity [42]. Recently, the fact that MR-1 binds
to Rab-3 interacting molecules (RIM) 1 and 2, which interact with vesicle and presynaptic membrane proteins,
have raised the hypothesis that the absence of MR-1 displays a calcium-dependent abnormal neurotransmitter
release. As caffeine is a ryanodine receptor agonist at presynaptic terminals, favors high concentration of calcium
in striatal neurons and enhances the hyperexcitability due to lack of MR-1 [48].

SLC2A1 (1p34.2)
Several mutations in the GLUT1 SLC2A1 had been reported in PED as an isolated syndrome (about 33% of SLC2A1
cases) or accompanied by other features of the GLUT deficiency syndrome (GLUT1-DS MIM#138140), especially
epilepsy [49]. Despite the fact that there are cases of autosomal recessive (AR) inheritance in the GLUT1-DS 2, this
type of inheritance has not been described in PED associated to SLC2A1, in which the majority (90%) corresponds
to sporadic cases and 10% to familial cases with AD transmission [50,51]. In addition, a German family with PED
and progressive spastic paraparesis (paroxysmal choreoathetosis/spasticity [CSE, DYT9]) (MIM #601042) has been
reported as a result of a heterozygous mutation (p.Arg232Cys) in SCL2A1 [52]. Another mutation (p.Arg126Cys)
in this gene has been found in Australian monozygotic twins with PED and progressive spastic paraparesis, but not
in 139 patients with hereditary spastic paraparesis without PED [53].

A correlation phenotype–genotype has been observed for SLC2A1: splicing and nonsense mutations, insertions
and deletions (mutations with loss-of-function) are linked to a more severe GLUT-SD clinical phenotype (drug-
resistant epilepsy, hypotonia, microcephaly, dysarthria, spasticity, ataxia, complex movement disorders, hemolytic
anemia and developmental delay), whereas missense mutations are more common in PED [1,9,49]. Other atypical
paroxysmal manifestations have been identified in GLUT1-DS, such as parkinsonism, eye-head movements or
AHC [51,54,55]. The diagnosis of GLUT-DS relies mainly on the identification of pathogenic SLC2A1 mutations
and a cerebrospinal fluid (CSF)/serum glucose ratio <0.60 in a fasting sample of at least 4 h [56]. The glucose
transporter facilitates glucose to cross the blood–brain barrier, which explains low concentrations of glucose in CSF
of patients with SLC2A1 mutations. Recently, the detection of a 20% decrease in GLUT expression on the surface
of erythrocytes by means of flow cytometry analysis has been proposed as a less-invasive and inexpensive alternative
diagnostic method [57].

Prevalence of SLC2A1 mutations in PED is less than 20% [9]. PED cases carrying SLC2A1 mutations involve:
choreoathetosis episodes, with tightness or cramps and focal or unilateral distribution, principally in the lower limbs;
typical duration of attacks between 15 and 45 min; triggered by prolonged exercise, fasting, stress and anxiety;
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favorable response to ketogenic diet; and frequent comorbidity [9,58,59]. Additional features observed in 10% of
cases include migraine, clumsiness, gait disturbances, oculogyric crises and weakness. About 5% are precipitated by
nonkinesigenic triggers (PNKD) or experience episodic ataxia, whereas isolated cases correspond to PKD [9,47,60,61].

KCNMA1 (10q22.3)
In 2005, Du et al. communicated a family with generalized epilepsy and PNKD inherited in an AD with
incomplete penetrance pattern carrying a missense mutation (p.Asp434Gly) in the α subunit of the calcium-
sensitive potassium channel (KCNMA1). Mean age at onset was 5 years (range: 1–15 years). Clinically, PNKD
presented alcohol as a possible (but not constant) trigger [46]. Later on, KCNMA1-related PNKD mutations
(p.Glu884Lys, p.Asn1053Ser) have been reported with epilepsy and/or neurodevelopmental delay, unlike MR-
1/PNKD carriers (MIM#609446) [62]. One case with PKD, migraine and infantile convulsions has also been
reported [61]. Recent research has attributed to homozygous KCNMA1 mutations (c.2026dupT) a phenotype of
cerebellar atrophy, developmental delay and seizures (MIM#617643) [63]. KCNMA1 mutations enhance neuronal
excitability due to rapid repolarization of the action potential [42].

ECHS1 (10q26.3)
Mutations in the ECHS1 (enoyl CoA hydratase, short chain, 1 or crotonase, mitochondrial) gene which show AR
inheritance convey a variable phenotype – even within families – ranging from early-onset Leigh syndrome to atypical
forms often milder with later onset (Leigh-like syndrome), with different combinations of psychomotor retardation,
epilepsy, spasticity, optic atrophy, sensorineural deafness or PxD (MIM#616277). PxD may be superimposed to
theses syndromes or isolated [64].

ECHS1 carriers of missense (p.Ala173Val, p.Lys273Glu) and nonsense mutations (p.Glu78Ter) displayed inter-
mittent opisthotonus or generalized dystonia of long duration (30–50 min) without any clear trigger in more severe
phenotypes, whereas those with Leigh-like syndrome or isolated PxD revealed PED in legs of shorter duration
(5–40 min). Interestingly, all patients had pallidal hyperintensity on T2-MRI sequences, regardless of clinical sever-
ity [64–66]. Crotonase is involved in the catabolism of fatty acids and amino acids such as valine. ECHS1 mutations
have been linked to a diminished pyruvate oxidation, ATP-production and activity of complexes I and IV of the
respiratory mitochondrial chain, favoring the accumulation of toxic metabolites (e.g., methylacrylyl-Co) and, thus,
the lesions in the basal ganglia [64,67]. Early treatment based on mitochondrial cocktail, as described below, has
showed a possible benefit in PxD [64–66].

PDHA1 (Xp22.12), DLAT (11q23.1), PDHX (11p13)
The mitochondrial pyruvate dehydrogenase complex (PDC) catalyzes decarboxylation of pyruvate to acetyl-CoA, a
key-step in aerobic oxidation of glucose, and therefore, in brain metabolism. PDC includes three enzymes pyruvate
dehydrogenase (PDC-E1, encoded by PDHA1 gene), dihydrolipoamide acyltransferase (PDC-E2, encoded by
DLAT gene) and dihydrolipoyl dehydrogenase (PDC-E3) as well as one structural E2/E3 binding protein (both
encoded by PDHX gene) [1,68].

Mutations in PDHA1 (most common), DLAT and PDHX genes – with an X-linked transmission (except
for PDHX, AR) – can cause PxD usually in addition to other manifestations, ranging from early-onset severe
encephalopathy with lactic acidosis to Leigh syndrome, hypotonia, epilepsy, neurodevelopmental delay, episodic
ataxia or intermittent flaccid paralysis (MIM#312170, 245348 and 245349) [1,69,70]. Episodic dystonia are some-
times triggered by exercise (PED) and others by stress, a warm bath or no identifiable trigger (PNKD) [1,68–71].
Noteworthy, PxD can be an isolated symptom in cases with PDC deficiency, even in absence of classical hallmarks
such as high serum or CSF lactate or piruvate or pallidal hyperintensity on T2-MRI sequences due to striatal
necrosis [1,70].

GCH1 (14q22.2)
GCH1 gene codes for the GTP cyclohydrolase I, a rate-limiting enzyme in the metabolism of tetrahydrobiopterin,
which is required for dopamine synthesis. Accordingly, GCH1 carriers present a reduction in striatal dopamine
levels. Heterozygous GCH1 mutations account for 50% of dopa-responsive dystonia (DRD: MIM#128230),
which typically presents in childhood, involves lower limbs and benefits from levodopa at low doses [1,72]. Besides
dopa-responsive dystonia, GCH1 mutations have been reported as a cause of PED, either in isolation or embedded
in a more complex phenotype. Dale et al. found a family with a nonsense mutation leading to a premature stop
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codon (p.Glu84X) in an AD pattern that suffered PED (attacks of dystonia lasting 5 min), restless legs syndrome,
depression and adulthood onset parkinsonism, which ameliorate with levodopa [73]. Erro et al. have estimated that
GCH1 mutations occur in 12.5% of those with PED and hence a levodopa trial should be considered in PED
patients [74].

SCN8A (12q13.3)
SCN8A gene encodes the α-subunit NaV1.6 of voltage-gated sodium channel, which is involved in the initiation
and propagation of action potentials [42]. Mutations in SCN8A have been suggested as an alternative cause to PRRT2
in some cases of PKD, BFIS, and their combination ICCA. Gardella et al. described three families with 16 members
carrying the same heterozygous mutation (p.Glu1483Lys) in the SCN8A gene, which experienced seizures within
the first 2 years and five of them added choreo-dystonic attacks precipitated by stretching, movement initiation or
emotions at older age. However, a cortical involvement was documented in one case of ‘PKD’ spell recorded by
video-electroencephalography (EEG), suggesting an epileptic origin [1,75].

Interestingly, the presence of episodic dystonia has been described in other SCN8A carriers (p.Ala1214Thr) [61].
Therefore, SCNA8 mutations should be considered in the differential diagnosis of PKD, particularly in those
cases with seizures refractory to AEDs, neurodevelopment delay and co-existence with nonepisodic dystonia and
ataxia, all of them different from the features associated with PRRT2 [1,76]. Functional studies have proposed that
SCN8A mutations can result in either gain-of-function (i.e., persistent sodium current) promoting seizures and
loss-of-function (i.e., an unstable protein) provoking cognitive dysfunction, although no clear genotype–phenotype
correlation have been defined so far [42].

ADCY5 (3q21.1)
ADCY5 gene encodes for adenylate cyclase 5, which is strongly expressed in the striatum and converts adenosine
triphosphate to 3′, 5′-cyclic adenosine monophosphate and pyrophosphate. ADCY5 integrates signals from adeno-
sine A2A, D1 and D2 dopamine receptors, among others [72]. ADCY5 mutation carriers display a broad phenotypic
spectrum (MIM#606703) with a genotype–phenotype correlation: the most common mutation, p.Arg418Trp,
presents with a more severe phenotype than p.Arg418Gln and p.Ala726Thr [77]. These mutations likely increase
adenylate cyclase activity to a lesser or greater degree, thereby distinct affecting signal transduction in the stria-
tum [72].

ADCY5 patients typically have a childhood onset of mixed persistent hyperkinetic movements (chorea, dystonia
or myoclonus) characterized by the following features: axial hypotonia, orofacial jerks, not true myokymia, sleep-
related PxD, painful PxD, marked fluctuations in frequency and severity of movements, no seizures, ataxia or
marked cognitive impairment, normal MRI and stable or very slow progression [78–80]. Attacks of PxD last for
min with discrete on and off set and wax and wane over weeks to months [79]. This pattern makes difficult to
distinguish triggers or response to medications [78]. In fact, the combination of multiple PxD subtypes (e.g., PKD,
PNKD and PHD) or PxD that do not fit clearly into previous defined PxD categories are clues to suspect ADCY5
mutations [79]. Recently, Westenberg et al. reported two unrelated ADCY5 patients with episodes similar to those
of AHC [77].

ATP1A3 (19q13.2)
Mutations in ATP1A3, which encodes the α3-subunit of the Na+-K+-ATPase pump, cause different clinical
syndromes, including AHC (MIM#614820) (50% missense mutations p.Asp801Asn and p.Glu815Lys, with a high
prevalence of de novo mutations), rapid-onset dystonia-parkinsonism (RDP) (MIM#128235) and the cerebellar
ataxia, areflexia, pes cavus, optic atrophy and sensorineural hearing loss (CAPOS) syndrome (MIM #601338)
(with AD transmission and mainly mutations in exons 8, 14 and 17), the relapsing encephalopathy with cerebellar
ataxia (RECA) syndrome and intermediate syndromes with clinical overlap [72,81]. There is a growing notion of
genotype–phenotype correlations, albeit the pathophysiology is poorly understood. However, Na+-K+-ATPase
enzyme is determinant for resting membrane potentials; and its α3-subunit is mainly expressed in GABAergic
neurons of basal ganglia and cerebellum [72,82].

PNKD and/or PED are described in most AHC patients and in a few rapid-onset dystonia-parkinsonism
cases. AHC manifest within 18 months of age as recurrent episodes of hemiplegia involving either side of the
body, tetraplegia, tonic or dystonic attacks, ocular abnormalities (especially monocular nystagmus) and autonomic
phenomena. The duration and frequency of the episodes is variable, even in the same patient, lasting from minutes
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to days and occurring up to several times a day. Attacks are triggered by emotional or physical stressors (physical
activity, exposure to hot water, light and sounds, etc) and disappear falling asleep. AHC usually evolves with epilepsy,
developmental delay, dysarthria, ataxia and choreoathetosis with a rostrocaudal gradient of severity [81–84].

CACNA1A (19p13.13)
Mutations in the CACNA1A gene, which encodes the pore-forming subunit of a voltage-dependent P/Q-type
calcium channel, have been linked to familial hemiplegic migraine (MIM#141500), episodic ataxia type 2
(MIM#148500), SCA6 (MIM#183086) and BPTI [72,85]. In BPTI: episodes of head tilt last from 10 min to
2 months; the shorter episodes are followed by vomiting, apathy and unsteadiness; BPTI begin within the first
12 months and resolve by 5 years, but can be replaced by vertigo and/or migraine [85–87].

SLC16A2 (Xq13.2)
SLC16A2 gene encodes the monocarboxylate transporter type 8 (MCT8), which carry out neural uptake of
triiodothyronine (T3). SLC16A2 mutations are the cause of Allan–Herndon–Dudley syndrome (MIM#300523),
characterized by proximal hypotonia, PxD with spasticity, marked development delay, ataxia, dysarthria and
craniofacial dysmorphic appearance [88]. PxD in SLC16A2 carriers classically fit into PKD category, because attacks
are provoked by passive movements (e.g., by changing their clothes or nappies or by lifting them). Nevertheless,
episodes can be precipitated by emotional stressors (e.g., laughing, crying). Attacks usually are dystonic with
duration from seconds to few minutes. Thyroid hormone function tests evidence elevated serum T3 and fT3 levels
and decreased T4 and fT4 levels with TSH levels in the upper normal range or elevated [88,89].

Secondary causes: an extensive list
Approximately 22% of PxD presented an acquired cause [6]. Secondary PxD should be considered, especially in
adulthood onset and episodes not fitting in a specific trigger-based category [1]. Development of PxD does not
always occur immediately after the injury [90]. ‘Secondary’ causes of PxD are summarized in Table 3 [1,6,72,91].

Multiple sclerosis (MS)-related PxD imply brief (seconds to minutes) hemidystonic painful postures preceded
by aura and triggered by hyperventilation, fatigue or startle reaction. PxD appear during the course of the disease or
rarely as the presenting symptom, and a self-limiting course independent of disease activity predominates. PxD in
MS are associated with lesions in any part of the CNS and are attributed to alterations of ephaptic transmission [92].

LGI1-associated limbic encephalitis presents late in life with prototypical PxD so-called ‘faciobrachial dystonic
seizures’. These are brief hemidystonic postures, up to several hundred per day, which occur spontaneously or
precipitated by emotions, auditory stimuli or movement, although longer, bilateral and drop attacks have been
reported. A total of 40% of them show basal ganglia hyperintensities on T1- or T2-MRI. Brief dystonic episodes
and PED have been linked to NMDAR encephalitis. And painful tonic spasms are evidenced more frequently in
neuromyelitis optica with AQP4 antibodies than in MS [93].

In metabolic disorders, the identification of isolated PxD in members of two families carrying mutations in
SLC20A2 and PDGFB genes, related to familial idiopathic basal ganglia calcification, raises controversy about
the role of brain calcification as a lesional mechanism, since clinical expression of brain calcification is not
constant [1,94,95]. Otherwise, PxD related to stroke often occur after resolution of the initial deficits and contralateral
to the infarct, mainly located in thalamus or putamen. PxD in form of ‘limb-shaking’ appear as a rare manifestation
of carotid-occlusive disease in transient ischemic attacks [6,96].

PxD associated with HIV may be the result of opportunistic infections or reveal in advanced stages encephalitis
due to severe HIV and loss of positive neurons to calbindin in the basal ganglia [97]. Peripheral trauma has
been suggested to promote PxD by means of aberrant cortical and spinal reorganization [98]. Finally, an indirect
antidopaminergic effect for the development of PxD has been postulated in most drug-induced PxD, such as
selective serotonin reuptake inhibitors (SSRIs) [99].

Diagnostic work up
The first step in the diagnosis of PxD is to exclude other paroxysmal disorders: seizures, tetany (carpopedal spasm),
neuromyotonia, motor stereotypies, cataplexy, periodic paralyses, episodic ataxias, etc (Figure 1) [1]. For clinical
characterization of the episodes to be useful, ask the patient that imitates the attacks or that someone records them
using a video mobile device [100]. Those doubtful cases may require appropriate investigations (e.g., focal seizures
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Paroxysmal dyskinesia
(exclude other paroxysmal disorders)

–

–

–

–

–

Age at onset >18 years

No family history

Variable duration of attacks and triggers

Abnormal interictal neurological examination

Abnormal laboratory/MRI findings

Consider secondary
cause (Table 2)

No

Primary paroxysmal dyskinesia (Table 1)

Induced by sudden movements? Induced by prolonged exercise?

Yes (PED)
Trigger?

Active Passive

SLC2A1*
GCH1

Alcohol/
caffeine
(PNKD)

Other non-
kinesigenic/

none (PNKD)

Sleep
(PHD)

PRRT2*

PNKD/MR-1
SCN8A
SLC2A1
DEPDC5
KCNMA1
KCNA1

ECHS1*

PDHA1*

PDHX
DLAT
PRRT2

KCNMA1*

SLC20A2*

PDGFB*

ATP1A3*

CACNA1A*

ADCY5

If no definitive cause or unknown

Idiophatic paroxysmal dyskinesia

Yes

No

No

No

No

Yes (PKD)

PRRT2*

ADCY5*

SLC16A2*

Psychogenic paroxysmal movement disorders

PNKD/
MR-1*

Figure 1. Suggested diagnostic algorithm for paroxysmal dyskinesias. Asterisks denote main genes to consider within each category.
PED: Paroxysmal exercise-induced dyskinesia; PHD: Paroxysmal hypnogenic dyskinesia; PKD: Paroxysmal kinesigenic dyskinesia; PNKD:
Paroxysmal nonkinesigenic dyskinesia.
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Table 3. Causes of secondary paroxysmal dyskinesia.

Inmune-mediated disorders • Multiple sclerosis/neuromyelitis optica
• Acute disseminated encephalomyelitis
• Poststreptococcal autoimmune neuropsychiatric syndrome
• LIG1 and NMDAR antibody encephalitis
• Antiphospholipid syndrome
• Celiac disease
• Sjögren syndrome
• Behçet disease
• Hashimoto encephalopathy
• Parry–Romberg syndrome
• Cryopyrin-associated periodic syndrome

Vascular • Stroke/transient ischemic attacks
• Severe carotid stenosis or occlusion
• Moya–Moya
• Arteriovenous malformation

Metabolic causes • Hyperglicemia/hypoglycemia
• Hypocalcemia/hypoparathyroidism/pseudohypoparathyroidism
• Thyrotoxicosis/hypothyroidism
• Wilson’s disease
• Kernicterus
• Maple syrup urine disease
• Lesh–Nyhan disease

CNS infections • Human immunodeficiency virus encephalitis
• Cytomegalovirus encephalitis
• Subacute sclerosing panencephalitis
• Meningovascular syphilis

Tumors • Parasagittal meningioma
• Primary CNS lymphoma
• Bone marrow infiltration by low grade B-cell non-Hodgkin’s lymphoma

Neurodegenerative disorders • Familial idiopathic basal ganglia calcification progressive supranuclear palsy
• Neuroacanthocytosis
• Early-onset Parkinson’s disease

Trauma • Peripheral nerve injury
• Traumatic brain injury

Drugs • Neuroleptics
• Methylphenidate
• Flecainide
• Propofol
• Fluoxetine/escitalopram

Miscellanea • Cerebral palsy after perinatal hypoxia
• Basal ganglia calcifications
• Chiari malformation/cervical syringomyelia
• Central pontine myelinolysis
• Migraine

NMDAR: N-methyl-D-aspartate receptor; PED: Paroxysmal exercise-induced dyskinesia; PHD: Paroxysmal hypnogenic dyskinesia; PKD: Paroxysmal kinesigenic dyskinesia; PNKD: Paroxysmal
nonkinesigenic dyskinesia.

arising from the supplementary motor area that often mimics PKD and in which an interictal EEG or even a video
EEG may be necessary to rule out epilepsy) [91,101].

Whenever attacks have variable duration and no specific triggers, adulthood onset and absence of family history,
a ‘secondary’ cause should be considered [6]. There are no specific patterns for a certain etiology, but painful
PxD, fluctuating levels of consciousness and dysautonomic symptoms are rarely observed in genetic forms. Focal
neurological signs in the interictal examination are discarded as a differential criterion between primary and
secondary cases by some authors, because additional clinical features have been reported in several mutations [1].
An initial investigation including blood tests with metabolic and autoimmune panels as well as brain imaging will
reveal the acquired cause in most cases.

A psychogenic paroxysmal movement disorder (PPMD) accounts for 10% of PxD cases. Though the presentation
of PPMD is diverse, Ganos et al. established some positive signs that support a psychogenic origin instead of
a primary form of PxD. The list of red flags include: adulthood onset; paroxysmal tremor; high within-subject
phenomenological variability; marked increases in attack frequency and severity during examination; highly variable
attack duration; numerous and unusual triggers; alteration of responsiveness during attacks; odd precipitating factors
and relieving manoeuvres; medically unexplained somatic symptoms and atypical response to medication [102,103].
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Nevertheless, PPMD can occur in the context of previously documented ‘organic’ PxD [104]. Physical and cognitive-
behavioural therapies are useful in a number of patients [102].

Once a ‘primary’ PxD is suspected, a trigger-based approach (PKD, PNKD, PED) with a further distinction
in precipitating factors between alcohol/caffeine, sleep and other nonkinesigenic triggers in PNKD or active and
passive movements in PKD should be helpful to aim genetic studies. Additional diagnostic clues are supported by
the determination of duration and distribution of attacks, the presence of suggestive associated clinical features and
inheritance pattern [1]. Notwithstanding, genetic diagnosis is sometimes hindered by a lack of accurate genotype–
phenotype correlation, because certain phenotypes may be caused by mutations in different genes [100].

Treatment
Treatment for PxD is based on anecdotal evidence, observational studies and expert consensus. The fact that effective
treatments were reported before the knowledge of underlying genotypes support a therapeutic trial directed to the
phenotypes [100].

PKD responds well to low doses of AEDs, particularly carbamazepine [5]. Oxcarbazepine, phenytoin, pheno-
barbital, lamotrigine, levetiracetam, gabapentin, valproate and topiramate can also be useful [105–107]. A dramatic
reduction in attacks with low doses of carbamazepine or other AEDs modulating voltage-gated sodium channels
is expected in PRRT2 carriers as compared with PRRT2 negative-associated PKD cases (e.g., SCN8A) [1,76]. In
PRRT2 mutations, a gradual tapering of AEDs may be indicated because of the propensity to remissions beyond
adolescence [1,5]. Thalamotomy has been discovered to be beneficial in four members of a PRRT2 family suggesting
a thalamic involvement in PKD [108]. To date, no treatment is available for SLC16A2 carriers [88,89].

For patients with PNKD, identification and avoidance of triggering factors (e.g., caffeine, alcohol, stress. . . ) is
recommended. Benzodiazepines such as clonazepam may be effective in treating or preventing attacks, particularly
in PNKD/MR-1 – the principal causative gene in isolated forms [5,105]. Anecdotal responses to levetiracetam,
valproate, acetazolamide, gabapentin and oxcarbazepine have also been reported [12]. Other treatments have shown
inconsistent results, including haloperidol, oxazepam and anticholinergics [105]. A patient with painful PNKD has
been successfully treated with deep brain stimulation targeting ventral intermediate (Vim) nucleus of the thalamus,
while internal globus pallidus (Gpi) stimulation proved to be useful in a couple of cases with refractory severe
PNKD [109–111].

Apart from PNKD/MR-1, other mutations manifest mainly with PNKD. KCNMA1 carriers variably respond
to AEDs [46]. In ADCY5 mutations, clonazepam reduced sleep myoclonic episodes in several patients and lev-
etiracetam improved movements in a few; other isolated cases obtained benefits from tetrabenazine and deep
brain stimulation [1,78]. Management in ATP1A3-related AHC includes a double approach: in acute treatment,
fast-acting benzodiazepines or AEDs (e.g., phenobarbital), which often relieve attacks directly – increasing activity
of the inhibitory neurotransmitter GABA – or by inducing sleep; and in preventive treatment, flunarizine reduced
duration and frequency of episodes in 50% and intensity in 32% of 30 patients included in a retrospective study,
and topiramate was also used in anecdotal reports [112,113]. For CACNA1A usually no treatment is required due to
its self-limiting nature [1,86].

Prolonged exercise abstinence has been proposed in PED [107]. Those patients tend to respond poorly to
medication, albeit a trial with any of the available options (levodopa, AEDs, benzodiazepines, acetazolamide,
ketogenic diet) is recommended [100]. Ketogenic diet in SLC1A2 mutations results effective on seizures control
but less on PED. This diet, which is calorie-reduced and high-fat, produces ketone bodies as an alternative
energy source for brain metabolism, but often side effects (e.g., diarrhoea, fatigue) are intolerable [114]. A less
restrictive modified Atkins diet shows similar effectivity [115]. Recently, an open-label study with triheptanoin, an
odd-chain triglyceride that replenishes metabolic intermediates in the Krebs circle, resulted in a 90% reduction in
nonepileptic paroxysmal manifestations in a cohort of GLUT1-DS with PED [116]. GCH1 carriers dramatically
benefit from levodopa supplementation [74]. In ECHS1 mutations, PED is possible to benefit from ketogenic diet
or a mitochondrial cocktail (vitamins B1, B2, B6 and C plus carnitine and coenzyme Q-10) [65,66]. Similarly, in
PDHA1, DLAT and PDHX carriers, ketogenic diet and especially thiamine supplementation have been reported
to improve clinical, biochemical and MRI parameters [69,70].

In patients with secondary PxD, the identification and treatment of the underlying cause is essential [6]. PxD in
the context of MS responds to AEDs; acetazolamide is useful as an alternative or a complement [92]. Benzodiazepines
seem to be beneficial in patients with HIV infection [97]. PxD secondary to traumatic brain injury sometimes respond
to AEDs alone or in combination with trihexyphenidyl. Botulinum toxin has been used in focal paroxysmal dystonia.
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In metabolic cases, the underlying disorder should be treated (e.g., hypoglycemia, hyperglycemia, thyrotoxicosis. . . ).
Treatment of hypocalcemia with vitamin D is crucial in PKD associated with hypoparathyroidism [6,105] as well as
immunotherapy in limbic encephalitis [93].

Conclusion
PxD should be considered in the differential diagnosis of paroxysmal disorders, in order to avoid a delay in diagnosis
and treatment, undergoing unnecessary additional investigations. The ever-expanding list of genetic and acquired
causes and lack of reliable phenotype–etiology correlations in some cases deserve a more updated classification
system for PxD.

Future perspective
First of all, a more precise nomenclature globally agreed in the future for these disorders should be argued, since the
term ‘paroxysmal dyskinesias’ is ambiguous per se. Etymologically the concept ‘paroxysmal’ indicates sudden attacks,
recurrence or intensification of a disease, while ‘dyskinesias’ refers to involuntary jerky movements with a fixed
pattern or an impairment of the ability to execute voluntary movements. In practice, conditions that do not match
with the meaning that movement disorders experts pretend give to PxD, such as tic-syndromes, action-myoclonus
or action-tremor, would fit into this category [1]. Moreover, the term ‘paroxysmal’ can be mistaken as it somehow
implies normal interictal examination, which is not always found [100]. In fact, the stratification of PxD into ‘pure’
and ‘complicated’ PxD, depending on the absence or presence of interictal neurological signs, respectively, has been
proposed [1].

Likewise, a more up-to-date classification system for PxD should be implemented. For instance, the vagueness of
nonkinesigenic category would justify distinguish alcohol/caffeine sensitivity and sleep as distinctive triggers (as re-
ferred in the diagnostic work-up), or consider other clinical features such as body distribution (i.e., AHC or BPTI) [1].
Also, the inclusion of new terms like ‘status dyskineticus’ or ‘dyskinetic storms’ (coined by Silveira-Moriyama et al.
to report life-threatening exacerbations associated to GNAO1 gene mutations) can be helpful [100,117]. Besides, the
use of the eponyms ‘DYT’ for PxD is strongly discouraged, because the initial allocation of PxD to loci DYT
generated confusion. In this sense, PKD was initially assigned DYT 10, but the c.649dupC mutation in the PRRT2
gene was also found in the family used to define DYT19, a supposedly distinct form of PKD, suggesting that the
first linkage in this family was wrong. Similarly, DYT9 (paroxysmal choreoathetosis with spasticity) and DYT 18
(PED) were attributable to SLCA1 mutations [5].

In addition, both the lack of a specific phenotype associated to a single gene mutation and the ever-expanding
list of causative genes involved in PxD creates a challenge in diagnosis work-up [1,100]. The application of novel
technologies (next generation sequencing) instead of candidate gene studies has been endorsed not only for a more
rapid, successful and cost-effective genetic screening but also to uncover novel pathogenic variants in familial and
sporadic cases [118,119]. Moreover, replication is required for those genes in which real nature of paroxysmal episodes
remains to be elucidated (e.g., DEPDC5 and CHRNA1 mutations observed in PKD plus epilepsy in some families
but also in autosomal dominant nocturnal frontal lobe epilepsy) [1,61,120]. Future functional studies in animal
models might shed light into the role of identified genes [121].

Finally, the usefulness of a two-pronged method, in which the underlying etiology (genetic or not) and the
clinical phenotype are specified (i.e., PRRT2-PKD, HIV encephalitis-PNKD) has been suggested. And the label
‘idiophatic’ PxD should be reserved for those patients who remain unclassified because no definite cause has been
found till the date [1,100].
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Executive summary

Paroxysmal dyskinesias: redefining concepts & classifications
• Paroxysmal dyskinesias (PxD) are characterized by intermittent attacks of abnormal involuntary movements,

without loss of consciousness.

• PxD are classified by triggers (paroxysmal kinesigenic [PKD], nonkinesigenic [PNKD] and exercise-induced [PED]
dyskinesias) and etiology (primary [genetic or idiopathic] and secondary).

Clinical features: role of triggers
• PKD are brief attacks induced by sudden movements, PNKD are longer-lasting attacks provoked by alcohol,

caffeine or other nonkinesigenic triggers, whereas PED are intermediate attacks triggered by prolonged exercise.
Genetics: an ever-increasing number of mutations identified
• PKD is most commonly due to mutations in the PRTT2 gene, PNKD in the PNKD/MR-1 gene and PED in the

SLC2A1 gene.

• There is an ever-expanding list of causative genes involved in PxD, which lack complete phenotypic–genotypic
correlation, with pure and complicated forms.

Secondary causes: an extensive list
• Secondary PxD should be considered in adulthood onset of attacks, not fitting in a specific trigger-based category.

• The acquired causes include immune-mediated, metabolic, vascular, infectious and neurodegenerative disorders,
as well as trauma, tumors and drugs.

Diagnostic work-up
• The exclusion of other paroxysmal disorders, the identification of secondary forms with appropriate

investigations and the recognition of psychogenic paroxysmal movement disorders constitute the first steps in
diagnostic work-up.

• Whenever primary PxD is considered, an approach based on triggers, duration and distribution of attacks, and
associated clinical features should be helpful.

Treatment
• PKD responds well to antiepileptics, benzodiazepines are useful in PNKD and in PED ketogenic diet and levodopa

can be tried.

• As genotypic spectrum of PxD evolves, so does the range of therapeutic options.
Conclusion
• An updated classification system for PxD is required in order to avoid delay in diagnosis and treatment.
Future perspective
• Improvements in nomenclature and classification should be implemented, with both ethiological and phenotypic

specifications recommended.

• The role of novel pathogenic variants uncovered deserves replication and further functional studies.
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78. Chen DH, Méneret A, Friedman JR et al. ADCY5-related dyskinesia: broader spectrum and genotype-phenotype correlations.
Neurology 85, 2026–2035 (2015).
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86. Vila-Pueyo M, Gené GG, Flotats-Bastardes M et al. A loss-of-function CACNA1A mutation causing benign paroxysmal torticollis of
infancy. Eur. J. Paediatr. Neurol. 18, 430–433 (2014).

87. Shin M, Douglass LM, Milunsky JM et al. The genetics of benign paroxysmal torticollis of infancy: is there an association with
mutations in the CACNA1A gene? J. Child. Neurol. 31, 1057–1061 (2016).

88. Fuchs O, Pfarr N, Pohlenz J et al. Elevated serum triiodothyronine and intellectual and motor disability with paroxysmal dyskinesia
caused by a monocarboxylate transporter 8 gene mutation. Dev. Med. Child. Neurol. 51, 240–244 (2009).

89. Brockmann K, Dumitrescu AM, Best TT et al. X-linked paroxysmal dyskinesia and severe global retardation caused by defective MCT8
gene. J. Neurol. 252, 663–666 (2005).

90. Scott BL, Jankovic J. Delayed-onset progressive movement disorders after static brain lesions. Neurology 46, 68–74 (1996).

91. Waln O, Jankovic J. Paroxysmal movement disorders. Neurol. Clin. 33, 137–152 (2015).
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